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362a Tuesday, February 5, 2013AIP suppresses LCR characteristics in permeabilized SANC, decreases phos-
phorylation of RyR, PLB and reduces the SR Ca2þ load. Thus, normal
automaticity of SANC is regulated by basal CaMKII-dependent phosphoryla-
tion, partly via modulation of intrinsic SR Ca2þ cycling, i.e. SR Ca2þ pumping
and release attained through phosphorylation of PLB and RyR.
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Cardiomyopathy-Causing Mutations in Thin Filament Regulatory
Proteins Acutely Affeect Ca2D-Buffering and Ca2D-Dependent Signalling
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Hypertrophic cardiomyopathy (HCM) is caused by mutations in thin filament
regulatory proteins that confer distinct primary alterations of cardiac contrac-
tility. We believe that altered Ca2þ-buffering by mutant thin filaments leads to
altered Ca2þ handling and, via Ca2þ-dependent signalling pathways, contrib-
utes to disease pathogenesis. We are studying the in situ effect on Ca2þ-flux
of a HCM causing mutations in human cardiac troponin T (R92Q), troponin
I (R145G) and a-tropomyosin (D175N) by adenoviral expression in adult
guinea pig cardiomyocytes. Western blot and immunolocalisation analysis
showed that recombinant protein was found at the I band and comprised
~50% of the total protein 48 hours after infection. Simultaneous measurement
of unloaded sarcomere-shortening and Ca2þ-transients, showed the HCM mu-
tations had a significant decrease in the basal sarcomere length coupled with
an increase in the diastolic Ca2þ concentration. Caffeine challenging indicated
that the SR load was reduced and the sodium calcium exchanger (NCX) de-
pendant tau decay time was increased in the HCM mutant cells. Ca2þ-depen-
dent signalling cascades were assessed by observing, the nuclear translocation
of the transcription factor NFAT by immunofluorescence. Chronically paced
HCM mutant cells had a ~2.5 fold increase in nuclear NFAT compared to un-
paced or wild type infected cells. A potential mechanism for this was ryano-
dine receptor leak which was increased ~7 fold in cTnI R145G mutant cells.
The same mutation reduced the ability of the SR to respond to PKA dependant
contractile sensitization, upon Isoproterinol treatment. These data strongly
implicate Ca2þ-buffering as a driving mechanism of the macroscopic remod-
elling observed in the pathological disease state of HCM. Ca2þ Buffering is
now being directly measured by simultaneously integrating the NCX current
of patch clamped mutant cardiomyocytes, as the cells are challenged with
caffeine.
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There is substantial evidence indicating that disruption of Ca2þ homeostasis
and activation of cytosolic proteases play a key role in the pathogenesis of Du-
chenne Muscular Dystrophy (DMD). However, the exact nature of the Ca2þ
deregulation and Ca2þ signaling pathways that are altered in dystrophic mus-
cles have not yet been resolved. Here we examined the contribution of the
store-operated Ca2þ entry (SOCE) for the pathogenesis of DMD. RT-PCR
and Western blot found that the expression level of Orai1, the pore-forming
unit of SOCE, was significantly elevated in the dystrophic muscles, while par-
allel increases in SOCE activity and SR Ca2þ storage were detected in adult
mdx muscles using Fura-2 fluorescence measurements. High-efficient shRNA
probes against Orai1 were delivered into the flexor digitorum brevis muscle
in live mice and knockdown of Orai1 eliminated the differences in SOCE ac-
tivity and SR Ca2þ storage between the mdx and wild type muscle fibers.
SOCE activity was repressed by intraperitoneal injection of BTP-2, an Orai1
inhibitor, and cytosolic calpain1 activity in single muscle fibers was measured
by a membrane-permeable calpain substrate. We found that BTP-2 injection
for 2 weeks significantly reduced the cytosolic calpain1 activity in mdx muscle
fibers. Additionally, ultrastructural changes were observed by EM as an
increase in the number of triad junctions was identified in dystrophic muscles.
Compensatory changes in protein levels of SERCA1, TRP and NCX3 appeared
in the mdx muscles, suggesting that comprehensive adaptations occur follow-
ing altered Ca2þ homeostasis in mdx muscles. Our data indicates that upregu-
lation of the Orai1-mediated SOCE pathway and an overloaded SR Ca2þ store
contributes to the disrupted Ca2þ homeostasis in mdx muscles and is linked to
elevated proteolytic activity, suggesting that targeting Orai1 activity may be
a promising therapeutic approach for the prevention and treatment of muscular
dystrophy.1856-Plat
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Myocardial intracellular pH (pHi) exerts major effects on cardiac function.
Decreased pHi can depress Ca
2þ-transients (CaTs) via effects on SR CaATPase
and ryanodine-receptors. The inhibition is typically offset by low pHi stimula-
tion of sarcolemmal Na/H exchange (NHE). This raises [Naþ]i sufficiently to
increase SR Ca2þ-loading via t-tubular Na/Ca exchange, thus increasing CaT-
amplitude, which helps to protect contraction. We find that NHE activity (rat
ventricular myocytes) also affects Ca2þ-signalling spatially. A longitudinal
pHi non-uniformity can be induced by microperfusion of the weak acid, acetate
(80mM), over one end of the cell. pHi falls in the acetate-exposed region, result-
ing in a stable pHi-gradient of ~0.6 units. With NHE inhibited (30mM caripor-
ide), this procedure persistently reduced CaT amplitude, but only in the acidic
region. With functional NHE (no cariporide), the same stably-imposed
pHi-gradient increased CaT-amplitude uniformly throughout the myocyte.
This occurred despite NHE being stimulated only at the acidic end of the cell.
One explanation is that local Naþ-influx during regional NHE-stimulation uni-
formly elevates [Naþ]i, thus increasing SR Ca
2þ-loading in both acidic and
non-acidic regions. This requires that cytoplasmic Naþ be readily diffusible,
as NHE protein is mainly expressed at surface sarcolemma and intercalated-
disks (not in transverse-tubules). We therefore imaged [Naþ]i (AM-loaded
SBFI) during localised NHE-stimulation (local acetate microperfusion, rest of
cell exposed to Na-free solution; 106 M strophanthidin throughout to inhibit
Na/K-transporters). This induced a local NHE-mediated [Naþ]i-rise, which dis-
sipated longitudinally, with an apparent diffusion-coefficient of 680mm2/s
(~50% of that in pure water), consistent with rapid Naþi-mobility. We therefore
propose that high Naþi-mobility permits local NHE activity to unify CaT-
amplitude spatially, even during pHi non-uniformity. NHE activity in the
ventricular myocyte thus not only enhances Ca2þ-signalling during acidosis,
to protect contraction, but also spatially unifies Ca2þ-signalling within the cell.Platform: Protein-Lipid Interactions I
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We are developing a novel technology for selective delivery of imaging
probes and membrane-impermeable molecules to cells with low extracellular
pH. It is based on action of water-soluble membrane peptide, pHLIP
(pH [Low] Insertion Peptide), which inserts and folds in cellular membrane at
slightly acidic environment, characteristic for various pathological states
including cancer and ischemic myocardium. pHLIP possess dual delivery
capability. Imaging agents (fluorescent, PET, SPECT orMRI) could be attached
to theN-terminus of the peptide tomark tumormass and tumormarginswith high
precision. At the same time, therapeutic molecules attached to the C-inserting
end, could be moved across membrane to reach cytoplasmic target. Among
translocated molecules are synthetic cyclic peptides, gene regulation agent
(peptide nucleic acid) and phalla- and amanita toxins with hydrophobicity
tuned by attachment of fatty acids for optimum delivery. We performed
sequence variation and investigated 16 pHLIP variantswithmain goals of under-
standing themain principles of peptide-lipid interactions and tune delivery capa-
bility of pHLIP. The biophysical studies including thermodynamics and kinetics
of the peptides interaction with a lipid bilayer of liposomes and cellular
membranes were carried out. We found that peptides association to membrane
at neutral and low pH could be modulated by 3-4 times. The apparent pK of
transition from surface bound to membrane-inserted state could be tuned from
6.5 to 4.5. The rate of peptide’s insertion across a bilayer could be enhanced
100 times compared to parent pHLIP. As a result, blood clearance and tumor
targeting were modulated in a significant degree. The work is supported by
NIH grants CA133890 to OAA, DME, YRK.
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the decisive polyglutamine tract, strongly influences important properties of
this large protein and thereby the development of Huntington’s disease.
Htt17 markedly increases polyglutamine aggregation rates and huntingtin’s
interactions with biological membranes. Here, an ensemble of low-energy
conformations of the protein domain was identified by solution NMR in inter-
facial environments, and the structure was further refined using solid-state
NMR spectroscopy on oriented phospholipid bilayers. The pronounced
structural transitions of Htt17 upon membrane-association result in an in-
plane aligned a-helical conformation from K6 to F17. The membrane binding
of Htt17 and the resulting permeability were quantitatively analyzed and
are strongly dependent on lipid composition, whereas the helical tilt angle
(~77 degrees) is nearly constant in all membranes investigated. The structure
and lipid interactions of Htt17 have pivotal implications for membrane-
anchoring and functional properties of hun-
tingtin and concomitantly the development
of the disease.
The Figure shows the solid-state NMR ori-
entational restraints from three 15N and
one 2H labelled sites (A) and the resulting
alignment of the solution NMR structure in
the lipid bilayer (B).
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The level of ceramide, a sphingolipid, increases in mitochondria early in
apoptosis resulting in the formation of ceramide channels. These channels
are involved in the release of intermembrane space proteins, such as cyto-
chrome c, into the cytosol. This release is a crucial and irreversible step
in the apoptotic process. Formation of ceramide channels is inhibited by
Bcl-xL, an antiapoptotic protein. Insights into the molecular basis for this
regulation were obtained in a study of ceramide analogs (Perera, M. N. et al.,
Biochem. J. 445, 81, 2012). The results indicated that the effectiveness
of Bcl-xL is very sensitive to changes in the hydrophobic regions of the
ceramide channel. Furthermore, inhibitors (ABT- 737, ABT-263 and antimycin
A) that specifically bind to the hydrophobic groove of Bcl-xL interfere with
this function of Bcl-xL. These results imply that the hydrophobic groove is
important for Bcl-xL to inhibit channel formation or dissemble the channel.
We have demonstrated direct binding of a ceramide molecule to Bcl-xL by
a fluorescent ceramide competition technique. In addition, site-directed muta-
genesis at a single residue in multiple locations in the hydrophobic
groove has resulted in a reduction of the inhibitory action of Bcl-xL. These
results support the conclusion that Bcl-xL regulates the ceramide channel
through the hydrophobic pocket. This same feature is critical to the regulation
of proapoptotic Bcl-2 family proteins, thus it inhibits comprehensively all
the pro-apoptotic processes of the cell. (supported by NSF grant MCB-
1023008)
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The immune system recognizes a vast array of chemical signatures as anti-
gens although historically most research has focused more exclusively on
protein/protein recognition. More recently it has been appreciated that lipid
membranes can also provide important immunological signals as demon-
strated in both phosphatidylserine (PS) recognition in apoptotic cell clearance
and transient PS exposure in T Cell activation. Despite the clear immunolog-
ical importance of PS exposure and recognition, there remain very few
molecular details regarding the mechanisms of PS membrane recognition.
Even more fundamentally, it remains unclear if all PS exposing membranes
are immunologically equal or if there exists a sensitivity to additional mem-
brane properties beyond simply the presence or absence of PS. To address
this gap in our understanding we have made use of a novel combination of
biophysical and biochemical techniques to elucidate the molecular mecha-nisms by which Tim4 (an immune related PS receptor) recognizes PS con-
taining membranes. Tryptophan fluorescence binding assays have revealed
that Tim4 binding is sensitive to membrane PS composition suggesting that
there is more to the story than a single PS to single protein interaction. By
utilizing a combination of x ray reflectivity measurements to determine
membrane bound protein orientation and depth of penetration, as well as
molecular dynamics simulations to support the experimental results, we
have developed a protein/membrane binding model that provides structural
evidence to explain the unique complexities of Tim4 mediated PS membrane
recognition. Most significantly, these results provide a standard against which
other immunologically related PS receptors can be compared, thereby allow-
ing us to begin to address the more fundamental question of just how impor-
tant lipid membrane recognition is for our bodies’ immunological defense
mechanisms.
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Signal transduction mediates disease through key molecular targets that
initiate signaling networks. As protein-lipid interactions have been exam-
ined in the literature, their role in cellular signaling has become more prev-
alent as lipid-binding proteins have become high impact drug targets in
cancer, inflammation and viral egress. One such target, termed cytosolic
phospholipase A2 a (cPLA2a), has been shown to play a key role in the
production of the inflammatory mediators prostaglandins and leukotrienes.
A novel function of the protein was recently discovered in our lab showing
cPLA2a bends zwitterionic membranes using model membranes, a process
that is mediated by cPLA2a’s ability to deeply penetrate membranes.
Others in the field have reported cPLA2a to participate in Fc mediated
phagocytosis, intra-Golgi trafficking and endosomal trafficking which fur-
ther supports cPLA2a’s ability to bend membranes in biological processes.
In addition, direct evidence has been reported using siRNA showing that
cPLA2a induced vesiculation in cells. These results translate into our
cellular system as cells transfected with eGFP-cPLA2a form cytoplasmic
vesicular structures. We have preliminary evidence showing cPLA2a
membrane bending is mediated by oligomerization. The origin of oligomer-
ization is currently under further investigation using both in vitro and
cellular techniques.
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Bacillus thuringiensis phosphatidylinositol specific phospholipase C (PI-PLC)
binds tightly to phosphatidylcholine (PC)-rich vesicles. A possible mecha-
nism for tight binding to PC interfaces involves tyrosine p / choline cation
complexes. With this in mind, we have mutated surface tyrosine residues
(Y86A, Y88A, Y204S, Y246A, Y247A, Y248A, Y251A), located on the bar-
rel rim and in two helices of this (ab)-barrel protein, to assess their contri-
bution to vesicle binding. None of these mutations significantly alter the
rate of PI cleavage in vesicles, as long as the PI concentration is > 4 mM.
However, binding to PC-containing vesicles, as measured by fluorescence
correlation spectroscopy, showed a loss of affinity. The loss-of-Tyr mutant
proteins fall into two classes: (i) those where Kd(mut)/Kd(WT) < 5
(Y86A, Y247A) and (ii) those where the ratio of mutant Kd to that of the
WT was 100-300 (Y88A, Y204S, Y246A, Y248A, Y251A). With the excep-
tion of Y204S/Y251A the effects of the mutations appear to be additive, We
also attempted to enhance interactions with PC by introducing new Tyr or
Trp residues on the surface, but these mutations either reduced membrane af-
finity or left it unchanged. Apparently, more specific interactions are needed
to enhance binding. Estimating DDG for these Tyr/PC interactions from the
apparent Kd values, we find that the free energy associated with Tyr86 and
Tyr247 is ~ 4 kJ/mol, comparable to the value predicted by the Wimley-
White scale. In contrast, removal of the other surface Tyr is linked to a higher
energy cost: 10-13 kJ/mol towards pure PC vesicles. These higher energies
